Site-specific mutagenesis of residues in the Escherichia coli mannitol permease that have been suggested to be important for its phosphorylation and chemoreception functions.
The Escherichia coli mannitol permease is an integral membrane protein that catalyzes the concomitant transport and phosphorylation of D-mannitol and also acts as the chemoreceptor for chemotaxis of E. coli to this hexitol. At least 4 aminoacyl residues in this protein have been suggested to be important in these activities: His-195, His-256, Cys-384, and His-554. Previous evidence has implicated His-554 and Cys-384 as residues that are covalently phosphorylated, in sequence, as intermediates in phosphotransfer to mannitol. We have constructed a number of site-specific mutants of the mannitol permease at these positions. The properties of proteins in which His-554 or Cys-384 has been changed are consistent with their essential roles in phosphorylation. We also used these mutants to show that intermolecular phosphotransfer between His-554 and Cys-384 can occur in vivo in membrane-bound heterodimers consisting of different mutant subunits. The properties of proteins with mutations at position 195 suggest an important role for this residue involving hydrogen bonding, while His-256 performs no significant function in the mannitol permease. Finally, the phosphorylation and chemoreception activities for each mutant protein were each roughly in the same proportion to these activities in the wild-type protein, showing that these functions of the mannitol permease are tightly coupled under normal physiological conditions.